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FARADAY'S RESEARCHES IN ELECTRO- 
. CHEMISTRY 
By ARTHUR MARSHALL 

lt was through eleetrochemistry. that. Faraday 
became a scientist or '* natural philosopher "' as he 
deseribed hinself. Tor in 1812, when he was a 
journeyman bookbinder, 21 years of age, he uttended 
i course of leetures by Sir Humphry Davy at the 
Royal Tnstitution on this subjeet. TTe made notes 
of the leetures, wrote them up, bound the volume 
neutly, and submitted ii to Davy with the request 
that he migh& be found seientifie employment. — This 
led to his being employed in the following year as 
assistant in the luboratory at 25 shillings à weck. 

Mis first iinportant paper on eleetroeheimistry was 
published in 1832, when he had nlready made his 
greut diseovery of the production of elcetricity from 
inagnetismn. — lt constituted the third series of his 
Experimental Researehes in Ileetrieity and dealt 
with the identity of electricities from different 
sources, elearing up finally a. question. which had 
puzzled the greatest scientists of the time. Five 
different sources of electrieiby were denlt with. 
nanely, voltuie, ordinary, ma;mneto-, thermo-, and 
animal. — Voltaic electricity was that obtained from 
the voltaie pile or eell; ordinary was that with 
which the seientifie world had longest been familiar, 
the eleetrieity obtained. from the influence machine: 
magneto-eleetrieity was that. whieh he had. hiimselt 
discovered in 1831; thermo-eleetrieity the current 
obtuined from à heated thermocouple; and. animi 
eleetrieiby the. shoeks produced by eertain. aquatic 
aninius, sueh as the gymmnotus (electric. eel) and 
torpedo. "hat there had until then. been a reul 
doubt as to (ese identities is shown by the fact that 
in the. very last paper published by Sir Huinphry 
Davy in Noveinber, 1828, ho arrived at the con- 
elusion &hut "" aninid electricity was distinctive and 
peeuliar.'' 

Eight different. tesis were. applied to. estublish 
tliese identities. nuimnely. physiologieal effeets. imag- 
neiie deflection, magnets nude, spark, heating 
power, irue cehemieal action, attraetion and /re- 
pulsion, diseharge by hot air. So that forty 
separate trials. were necessary for the eorniplete 
investigation, aud nll of these exeept five were netu- 
ally earried out, these five being prevented only by 
the primitive state of the teehnique available. — "l'he 
results left no doubé as to the identities ot all the 
electrieities. 

"Phe second. part of this eominuniention deals with 
the. relation. by. measure. of. eoninon. and. voltaie 
electricity, and, although short, is even more impor- 
tant than ühe first part, for it contains the statement 
of Faraday's Firsüi Luw of Mleetrolysis. T'araday 
used (wo distinet. measures of the '* absolute quan- 
tiGy of electricity "': (a) the swing imparted io the 
needle of u gulvanometer and (b) the amount of 
ehemienl ehange effected as shown by the depth or 
tin&. imparted. to potassium iodide puper by a 
plubinum wire pressi on it, &he paper being sup- 
ported on a platinum spatula, — With sueh simple 
applinnees did he 1inuke tliese important discovorios ! 
He found that the (wo imenusures were proportionul 
io. one mnother in all cireunmmstanees, whether 
eominon or voltaie eleetricity were used. In this 
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resenreh.— l'araday  ulready — distinguished — clearly 
between tension or intensity and quantity of elec- 
tricity, or, ts we should now say, between potential 
differenee. and. eurrent, or volts and ampéres. His 
lirs& statement of the Law wus '' chemical power, 
like magnetic foree, is in direct proportion to the 
absolute quantity of electrici&y whieh passes.'' 
'l'he fourth, fifth, and seventh series of Ixperi- 
mental Tesearehes in. Bleetricity, published in the 
following yeur, 18323, also deal with  electro- 
chemistry. '"lhe fourth series is about the conduct- 
ing power of various substances in the solid and 
liquid states. — l'aradauy diseovered that when water 
is frozen its ceonduetivity is ahnost destroyed. 
Estending his investigation, he found that a large 


number of salts, oxides, and sulphides behaved simi- 


luly, their conductivity when molten being con- 
siderable, and aeeompanied by electrolytic decorn- 
position. "his was sn important discovery, as it 
had previously been supposed by Davy and others 
that sueh. decomposition could only be effected in 
the presence of wuter, in spite of some facis 
alreudy known whieh were not in agreement with 
this supposition. 

In the fifth series he deult further with these 
inutters, and. discussed what happens in an electro- 
lyto when à eurrent. passes through it. — As the re- 
sult of various experiments, he came to the eonclu- 
sion that ehemieal changes are not confined to the 
places where the metal wires or plates dip into the 
substanee undergoing ehange, but are taking place 
along the whole course of the current. He gave 
a simple diagram showing how the substance be- 
comes split up into two sorts of particles which 
travel in opposite directions. 

This series also eontains the first. statement. of 
Faraday's Second Law of Hlectrolysis: '' For a 
given quantity of electricity, whatever the decoim- 
posing eonductor muy boe, whether water, saline 
solutions, neids, fused bodies, ete. the amount of 
eleetrochemical action is also a constant quantity, 
ie., would always be equivalent to a. standard 
chemical effect. founded upon ordinary chemieal 
atfinity.'" These are ouly a few of the matters 
deal£ with. 

The two Laws may be combined as follows: 
'* T£ à eurrent passes through an electrolyte, bring- 
ing about changes a6 the electrodes, the quantity 
of each substance formed will be direetly propor- 
tional to its equivalent weight, to the strength of 
the eurrent, and to tho time of passage of the 
eurrent."  (Allmand and Ellinghum, Principles of 
Applied Electroehemistry, 2nd ed., p. 15.) 

In the seventh series he started by introducing 
ilie following new words, without which he had 
found grent diffieully in expressing his results: 


Bleetrode, anode, euthode, 

Teetrolyto, eleetrolyse, electrolytieal, 

Ton, anion, cation. 
""hese terius, with derivatives of them, such as 
nnolyte und eutholyte, have been adopted univer- 
sully and have proved indispensable. — Taraday 
applied the terms ion, anion, and cation to the 
eonsiituents, or radicals, in bulk, but later they 
eaine to be used for the individual partieles. 

nd 
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He then proceeded to establish his Second Law 
experimentally by the electrolysis of fused elec- 
trolyte, and he ascertained what substances conduct 
electrolytieally and what do not. 


Faraday introduced a new '' Measurer of Volta- 
electricity," which he called a "'' volta-electro- 
meter," depending on the measurement of the 
volumes of hydrogen and oxygen evolved when 
the eurrent was passed through dilute sulphurie 
acid. Te deseribed various modifications of this 
instrument, now generally ealled a voltameter or 
coulommeter, and diseussed sourees of error in its 
use. lfe also dealt with the diffieul&. question of 
what are the primary produets of clectrolysis and 
what seeondary. It was to avoid complications 
arising from secondary effects thab he carried out 
numerous experimenís with fused anhydrous salts, 
such as the chlorides of silver and lead. Inci- 
dentally he introduced the use of graphite (plum- 
bago) electrodes. 


He found that when an amalgamated zine plate 
was immersed in dilute sulphurie acid and connected 
by a wire with a platinum plate dipping into the 
same vessel, the hydrogen evolved a£ the latter was 
equivalent to the zine dissolved, &nd therefore to 
the eleetrieity conveyed by the eonneeting wire. 
This was a further confirmation of the Second Law, 
but he was at the time doubtful about explaining 
these phenomena by the adoption of Dalton's atomic 
hypothesis. | 

The eighth, sixteenth, and seventeenth series of 
the. Experimental Researehes in Electricity are de- 
voted to the theory of the voltaie pile or battery, 
end demonstrate that its aetion is due to chemieal 
renetions and not to mere contaet of dissimilar 
metals, or of the eleetrodes with the electrolyte, as 
was maintained by Volta and many of the foremost 
investigators of the day, especially in Italy and 
Germany. Tis eontroversy has long eeased, and we 
do not find it, or most of the experiments by which 
Faraday established his ense, so interesting as the 
work with: which we have already dealt, but they 
rendered clearer and ever more clear the conceptions 
he had laid down. ) 

' In the eighth series, published in 1834, he showed 
first of all that a battery cell would work when there 
was no direct contact between dissimilur metals, 
and he nlso investigated the polurisntion of the cells. 

Ás this paper did not convince the advocates of 
the contaet theory, he returned io the subject in 
the sixteenth and seventeenth series, published in 
1839, and rendered this theory quite untennble. 
Tncidental he worked out a series of metuls and 
other substances that ean be used as electrodes in 
the order of their potential differences, and showed 
that they are different in different electrolytes. 
Ile also discovered that iron which has been cleaned 
thoroughly becomes covered at once with an invisible 
fihn of oxide, a faet which was rediseovered by 
Haber in 1906. — ''yndull in his book on *' JT'arnday 
aa à Discoverer '' says of this communication: '* In 
this paper he hunpered his antagonists with a 
crowd of adverso experiments. IIo hung diffieulby 
ufter diffieulby about the neck of tho contact theory, 
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until in its efforts to eseape from his assaults it so 
changed its character as to become a thing totally 
different from the theory proposed by Volta. "The 
more persistently it was defended, however, the 
more clearly did it show itself to be a congeries of 
deviees, bearing the stamp of dialeetie skill rather 
than of natural truth."' 

In eonelusion Faraday pointed oub that the cou- 
tact theory would involve a creation of power, and 
be like no other force in nature. — '' Then would the 
perpetual motion also be true," he said. "This was 
a remarkable pronouneement, as i£ was made more 
than two yeurs before either Mayer printed his 
brief but celebrated essay on the T'orees of Tnorganie 
Nature, or Joule published his first famous oxperi- 
ments on the Mechanieal Value of lfeat. | Dut 
Taraday had himself been anticipated by Dr. Roget 
in 1829, as he admitted in a note added to his 
memoir. Tyndall eoncludes: '' When this argu- 
ment had elearly fixed. itself in his mind, T'araday 
never eared to experiment further on the sourec. of 
cleetricity in the voltaie pile. "The argument ap- 
peared to him to remove the foundation itself of the 
eontaet theory, and he afterwards le& it crumble 
down in peace."' 


FARADAY'S VIEWS ON PASSIVITY IN THE 
LIGHT OF RECENT RESEARCH 
By ERNEST S. HEDGES, Ph.D., D.Sc. 


The chemieal inertness of iron which has been 
immersed in concentrated nitric acid was observed 
by Kei? in 1790, and Taraday's attention was 
directed. to the phenomenon by a letter received 
from Sehónbein, dated May 17, 1836. A month 
later, l'araduy? sent a coninunieation to the PAilo- 
sophieal Magazine in whieh was set forth an ex- 
planation of the '' peculiar state '' of iron. "This 
explanation appears to have been influenced by 
Sehónbein's observation tha6 iron was made indif- 
ferent to nitrie acid of sp. gr. 1:35 either by oxidis- 
ing the metal by heating in nir or by previous 
immersion in more coneenirated nitric acid, sug- 
gesting tha& coneentrated nitric acid has some 
oxidising netion on the inetal. 

lFuraday writes: " My strong impression is that 
ihe surfuce of the iron is oxidised, or that the super- 
fieial partieles of the 1netal are in such relation to 
the oxygen of the electrolyte as to be equivalent to 
^n oxidation; and that having thus their affinity 
for oxygen salisfied, and not being dissolved by the 
acid under the cireumsiances, there is no renewal of 
the imetallie surface, no reiteration of the attraction 
of successive purüieles of the iron on the elements 
of successive portions of tho eleetrolyte, und there- 
fore not those suecessive chemieal actions by which 
the electrie eurrent (which is definite in its produe- 
Lion as well as in its action) ean be coutinued.'' 

À foundation for the protective oxide-film theory 
of passivity was thus laid almost a hundred years 
ngo, but the theory did not gain general acceptaneo 
until recent, times, and meanwhile the view gained 
ground that the motal is transformed into an inort, 
ullotropie iodifiention when i& becomes passivo. 
Such views were expressed by DBorzelius in 1844, 
by IHittorf in 1808, and in more recent times the 


